VARIABLE D I S PLACEMENT COMPRESSOR 

This application is a continuing application, filed 
under 35 U.S.C. §111 (a) , of International Application 
5 PCT/JP02/05635, filed on June 6, 2002. 

BACKGROUND OF THE INVENTION 

(1) Field of the Invention 

This invention relates to a variable displacement 
10 compressor, and more particularly to a variable 
displacement compressor for use in compressing a 
refrigerant gas in a refrigeration cycle of an automotive 
air conditioner. 

(2) Description of the Related Art 

15 A compressor used for compressing refrigerant in a 

refrigeration cycle of an automotive air conditioner is 
driven by an engine, and hence the rotational speed of the 
compressor cannot be controlled. For this reason, a 
variable displacement compressor capable of changing the 

2 0 capacity of refrigerant to be compressed is employed so as 
to obtain adequate cooling power without constraints of 
the rotational speed of the engine. 

In such a variable displacement compressor, 
compression pistons are connected to a wobble plate fitted 

2 5 on a shaft driven for rotation by the engine, and the 
angle of the wobble plate is changed to vary the length of 
piston stroke, whereby the discharge capacity of 
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refrigerant is changed. 

The angle of the wobble plate is continuously 
changed by introducing part of the compressed refrigerant 
into a gas tight crank chamber and changing the pressure of 
5 the introduced refrigerant, thereby changing a balance 
between pressures applied to the both ends of each piston. 

The variable displacement compressor has a solenoid 
control valve arranged between a discharge port for 
delivering refrigerant and the crank chamber or between 

10 the crank chamber and a suction port. This solenoid 
control valve opens and closes the communication such that 
the differential pressure across the solenoid control 
valve is maintained at a predetermined value. The 
predetermined value of the differential pressure can be 

15 externally set by a current value. Due to this 

configuration, when the engine rotational speed increases, 
the pressure introduced into the crank chamber is 
increased to reduce the capacity for compression, while 
when the engine rotational speed decreases, the pressure 

2 0 introduced into the crank chamber is reduced to increase 
the capacity for compression, whereby the pressure of 
refrigerant discharged from the compressor is maintained 
at a constant level . 

Although a chlorof luorocarbon substitute HFC-134a is 

25 generally used as a refrigerant in a refrigeration cycle 
of an automotive air conditioner, there has recently been 
developed a refrigeration cycle which causes refrigerant 
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to perform refrigeration in a supercritical region where 
the temperature of the refrigerant is above its critical 
temperature, e.g. a refrigeration cycle using carbon 
dioxide as refrigerant. 
5 However, in the solenoid control valve for 

controlling the pressure introduced into the crank chamber 
according to the discharge pressure of the compressor, in 
the case of the refrigeration cycle using carbon dioxide 
as the refrigerant, since the pressure of the refrigerant 

10 is increased to the supercritical region, the differential 
pressure between the discharge port for delivering the 
refrigerant and the crank chamber or between the discharge 
port and the suction port becomes very large, and hence a 
solenoid force for controlling the differential pressure 

15 also becomes very large. This necessitates a large-sized 
solenoid, causing an increase in the size of the solenoid 
control valve, which results in increased manufacturing 
costs . 



20 SUMMARY OF THE INVENTION 

The present invention has been made in view of these 
points, and an object thereof is to provide a variable 
displacement compressor capable of employing a solenoid 
control valve which does not necessitate a large solenoid 

2 5 force when it is used in a refrigeration cycle using high- 
pressure refrigerant operable in a supercritical region, 
to say nothing of a case in which it is used in a 
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refrigeration cycle using HFC-134a commonly used as 
refrigerant . 

To solve the above problem, there is provided a 
variable displacement compressor including a wobble body 
5 that is arranged in a crank chamber formed gastight, such 
that an inclination angle of the wobble body can be 
changed with respect to a rotating shaft, and is driven by 
rotation of the rotating shaft, for wobbling motion, and 
pistons connected to the wobble body, for performing 

10 reciprocating motion in a direction along axis in 
accordance with the wobbling motion of the wobble body, to 
thereby suction refrigerant from a suction chamber into a 
cylinder, compress the refrigerant, and deliver the 
compressed refrigerant from the cylinder to a discharge 

15 chamber, the variable displacement compressor comprising a 
variable orifice arranged in a suction-side refrigerant 
passage leading to the suction chamber or a discharge -side 
refrigerant passage leading to the discharge chamber, such 
that an openness thereof can be set according to changes 

20 in external conditions, a differential pressure regulating 
valve arranged at a desired location in a first 
refrigerant passage leading from the discharge ch amb er to 
the crank chamber, and a second refrigerant passage 
leading from the crank chamber to the suction chamber, for 

2 5 sensing a differential pressure generated across the 
variable orifice and adjusting an openness thereof such 
that the differential pressure becomes equal to a 
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predetermined value , and a fixed orifice arranged at a 
desired location in the first refrigerant passage and the 
second refrigerant passage, wherein a flow rate of 
refrigerant flowing into the suction chamber or a flow 
5 rate of the refrigerant discharged from the discharge 
chamber is caused to become substantially constant. 

The above and other objects, features and advantages 
of the present invention will become apparent from the 
following description when taken in conjunction with the 
10 accompanying drawings which illustrate preferred 
embodiments of the present invention by way of example. 

BRIEF DESCRIPTION OF THE DRAWINGS 
FIG. 1 is a cross-sectional view showing the 
15 construction of a variable displacement compressor 
according to a first embodiment of the invention. 

FIG. 2 is a cross-sectional view showing in detail 
the construction of an electromagnetic proportional flow 
rate control valve of the variable displacement compressor 
20 according to the first embodiment. 

FIG. 3 is a cross-sectional view showing in detail 
the construction of a differential pressure regulating 
valve of the variable displacement compressor according to 
the first embodiment. 
25 FIG. 4 is a cross-sectional view showing the 

construction of a variable displacement compressor 
according to a second embodiment. 
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FIG. 5 Is a cross-sectional view showing in detail 
the construction of a differential pressure regulating 
valve of the variable displacement compressor according to 
the second embodiment. 
5 FIG. 6 is a cross-sectional view showing the 

construction of a variable displacement compressor 
according to a third embodiment. 

FIG. 7 is a cross-sectional view showing in detail 
the construction of a differential pressure regulating 
10 valve of the variable displacement compressor according to 
the third embodiment. 

FIG. 8 is a cross-sectional view showing the 
construction of a variable displacement compressor 
according to a fourth embodiment. 

15 

DESCRIPTION OF THE PREFERRED EMBODIMENTS 
An embodiment of the present invention will be 
described in detail hereafter with reference to the 
accompanying drawings. FIG. 1 is a cross-sectional view 

2 0 showing the construction of a variable displacement 
compressor according to a first embodiment of the 
invention. FIG. 2 is a cross-sectional view showing in 
detail the construction of an electromagnetic proportional 
flow rate control valve of the variable displacement 

2 5 compressor according to the first embodiment. FIG. 3 is a 
cross -sectional view showing in detail the construction of 
a differential pressure regulating valve of the variable 
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displacement compressor according to the first embodiment. 

The variable displacement compressor according to 
the present invention includes a crank chamber 1 formed 
gas tight and a rotating shaft 2 rotatably supported in the 
5 crank chamber 1 . The rotating shaft 2 has one end 
extending out of the crank chamber 1 via a shaft sealing 
device, not shown, with a pulley 3 fixed thereto for 
receiving transmission of a driving force from an output 
shaft of an engine via a clutch and a belt. A wobble plate 

10 4 is fitted on the rotating shaft 2 such that the 
inclination angle of the wobble plate 4 can be changed. A 
plurality of cylinders 5 (only one of which is shown in 
the figure) are arranged around the axis of the rotating 
shaft 2. In each cylinder 5, there is arranged a piston 6 

15 for converting rotating motion of the wobble plate 4 to 
reciprocating motion. Each cylinder 5 is connected to a 
suction chamber 9 and a discharge chamber 10 via a suction 
relief valve 7 and a discharge relief valve 8 , 
respectively . 

20 It should be noted that the variable displacement 

compressor includes the plurality of cylinders 5, and the 
respective suction chambers 9 formed adjacent to the 
cylinders 5 communicate with each other to form one 
chamber which is connected to a refrigerant passage 11 on 

25 the suction side of the compressor, while the respective 
discharge chambers 10 formed adjacent to the cylinders 5 
communicate with each other to form one chamber which is 
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connected to a refrigerant passage 13 on the discharge 
side of the compressor. 

The suction chamber 9 is connected to the 
refrigerant passage 11 communicating with an evaporator, 
5 and the discharge chamber 10 is connected to the 
refrigerant passage 13 communicating with a condenser or a 
gas cooler via an electromagnetic proportional flow rate 
control valve 12 . The electromagnetic proportional flow 
rate control valve 12 forms a variable orifice which is 
10 capable of proportionally changing the area of a flow 
passage communicating between the discharge chamber 10 and 
the refrigerant passage 13 in response to an external 
signal . 

The discharge chamber 10 is also connected to the 
15 crank chamber 1 via the differential pressure regulating 
valve 14, and the crank chamber 1 is connected to the 
suction chamber 9 via a fixed orifice 15. The differential 
pressure regulating valve 14 introduces therein discharge 
pressure Pd from the discharge chamber 10 and pressure Pd' 
20 having passed through the electromagnetic proportional 
flow rate control valve 12 from the refrigerant passage 13, 
and controls refrigerant flowing from the discharge 
chamber 10 to the crank chamber 1, and further from the 
crank chamber 1 to the suction chamber 9 via the fixed 
25 orifice 15 such that the differential pressure generated 
across the electromagnetic proportional flow rate control 
valve 12 is constant. It should be noted that Ps 
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designates suction pressure, Pc designates pressure in the 
crank chamber 1, and Qd designates a discharge flow rate. 

Referring to FIG. 2, the electromagnetic 
proportional flow rate control valve 12 comprises a valve 
5 section 21 and a solenoid section 22 . The valve section 21 
includes a port 23 for introducing the discharge pressure 
Pd from the discharge chamber 10, and a port 24 for 
guiding out the pressure Pd' reduced by the valve section 
21 into the refrigerant passage 13. A passage 

10 communicating between these ports is formed with a valve 
seat 25, and on the upstream side of the valve seat 25 is 
arranged a ball valve element 26 in a manner opposed to 
the valve seat 25. An adjusting screw 27 is screwed into 
an open end of the port 23, and a spring 28 is arranged 

15 between the valve element 26 and the adjusting screw 27, 
for urging the valve element 26 in the valve-closing 
direction. Further, the valve element 26 is in abutment 
with one end of a shaft 29 axially extending through a 
valve hole. The other end of the shaft 29 is rigidly fixed 

20 to a piston 30 arranged in an axially movable manner. The 
piston 30 has substantially the same cross-sectional area 
as that of the valve hole such that the pressure Pd' on 
the downstream side of the valve element 26 is equally 
applied in respective axial both directions to prevent the 

25 pressure Pd' from adversely affecting the control of the 
valve element 26. Further, a communication passage 29a is 
formed between a space on the upstream side of the valve 
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element: 26 and a space on a solenoid section side of the 
piston 30 such that the discharge pressure Pd is 
introduced on a back pressure side of the piston 30 to 
thereby cancel out the discharge pressure Pd applied to 
5 the valve element 26. 

The solenoid section 22 has a magnet coil 31 having 
a hollow cylindrical void portion in which is arranged a 
sleeve 32 . The sleeve 32 has a core 33 forming a fixed 
core, rigidly fixed to a portion thereof toward the valve 

10 section 22 by press-fitting, and a plunger 34 forming a 
movable core, axially movably inserted therein. A shaft 35 
is axially arranged through the core 33 and the plunger 34, 
and has one end thereof supported via a guide 36 by the 
core 33, and the other end thereof supported via a guide 

15 38 by a cap 37 arranged on an upper end, as viewed in the 
figure, of the sleeve 32. The shaft 35 has an E ring 39 
fitted on an approximately central portion thereof such 
that the shaft 35 is moved together with the plunger 34 
when the plunger 34 is attracted toward the core 33. Due 

20 to this configuration, when the plunger 34 is moved 
downward, as viewed in the figure, the shaft 35 pushes the 
piston 30 abutting a lower end thereof, as viewed in the 
figure, which acts on the valve element 26 in the valve- 
opening direction. The amount of movement of the shaft 35 

25 is proportional to the value of an electric current 
supplied to the magnet coil 31. Therefore, the area of a 
flow passage of refrigerant passing through the 
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electromagnetic proportional flow rate control valve 12 
can be determined depending on the value of the control 
current supplied to the magnet coil 31 . The solenoid 
section 22 is for providing control such that the 
5 discharge flow rate Qd of refrigerant passing through the 
valve section 21 produces a small differential pressure, 
but not for directly controlling high pressure, and hence 
only a small solenoid force is required. This makes it 
possible to make the solenoid section 22 compact in size. 

10 As shown in FIG. 3, the differential pressure 

regulating valve 14 has a body 40 formed with a port 41 
for introducing therein the discharge pressure Pd from the 
discharge chamber 10 , a port 42 for introducing the 
pressure Pc controlled by the differential pressure 

15 regulating valve 14 into the crank chamber 1, and a port 
43 for introducing therein the pressure Pd' reduced by the 
electromagnetic proportional flow rate control valve 12 . 

A passage communicating between the port 41 and the 
port 42 is formed with a valve seat 44, and on the 

20 upstream side of the valve seat 44 is arranged a valve 
element 45 in a manner opposed to the valve seat 44. The 
valve element 45 is formed with a flange, and a spring 46 
is arranged between the valve seat 44 and the flange, for 
urging the valve element 45 in the valve-opening direction. 

25 On the same axis as that of the valve element 45, 

there is arranged a pressure-sensing piston 47 which is 
axially movably disposed for receiving the discharge 
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pressure Pd from the port 41 and the pressure Pd' from the 
port 43 on respective both end surfaces thereof. The 
pressure-sensing piston 47 is rigidly fixed to the valve 
element 45 by a shaft 48 integrally formed therewith. 
5 On a lower side of the pressure-sensing piston 47, 

as viewed in the figure, a spring load- ad jus ting screw 49 
is screwed into the body 40. Arranged between the 
pressure-sensing piston 47 and the load-adjusting screw 49 
is a spring 50 for urging the pressure-sensing piston 47 

10 in the direction of closing of the valve element 45. 

In the variable displacement compressor constructed 
as above, when a driving force is transmitted from the 
engine to rotate the rotating shaft 2 , the wobble plate 4 
fitted on the rotating shaft 2 is rotated. This causes the 

15 pistons 6 connected to an outer periphery of the wobble 
plate 4 to perform reciprocating motion, whereby 
refrigerant in the suction chamber 9 is drawn into the 
cylinders 5 to be compressed therein, and the compressed 
refrigerant is delivered to the discharge chamber 10. 

20 At this time, the electromagnetic proportional flow 

rate control valve 12 supplied with a predetermined 
control current narrows down the refrigerant passage 13 
communicating with the condenser to thereby form an 
orifice of a predetermined size such that a predetermined 

2 5 differential pressure (Pd - Pd' ) is generated by the flow 
rate Qd of the refrigerant. 

Further, in the differential pressure regulating 
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valve 14, the pressure-sensing piston 47 receives the 
predetermined differential pressure (Pd > Pd' ) , and the 
valve element 45 is made stationary in a position where a 
force directed downward, as viewed in the figure, caused 
5 by the predetermined differential pressure, and the loads 
of the springs 46, 50 are balanced, to thereby control the 
openness of the differential pressure regulating valve 14 . 
Therefore, the differential pressure regulating valve 14 
senses the differential pressure across the 

10 electromagnetic proportional flow rate control valve 12, 
in which the orifice is determined by the control current, 
and adjusts the openness thereof such that the 
differential pressure becomes equal to a predetermined 
value (i.e. a fixed flow rate) set in advance, thereby 

15 controlling the flow rate of refrigerant introduced into 
the crank chamber 1 . 

Now, when the differential pressure generated across 
the electromagnetic proportional flow rate control valve 
12 is increased e.g. due to an increase in the engine 

20 rotational speed, the discharge pressure Pd of refrigerant 
is increased, so that the pressure-sensing piston 47 of 
the differential pressure regulating valve 14 is moved 
downward, as viewed in FIG. 3, which acts on the valve 
element 45 in the valve-opening direction. This increases 

25 the flow rate of refrigerant introduced from the discharge 
chamber 10 into the crank chamber 1, thereby increasing 
the pressure Pc in the crank chamber 1, so that the 
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variable displacement compressor is controlled to a 
minimum operation side to reduce the flow rate of 
refrigerant discharged from the discharge chamber 10 . This 
control operation is continued until the differential 
5 pressure across the electromagnetic proportional flow rate 
control valve 12 becomes equal to a differential pressure 
corresponding to the openness set by the solenoid section 
22. As a result, the discharge flow rate Qd of refrigerant 
comes to be held constant. 

10 Inversely , when the differential pressure generated 

across the electromagnetic proportional flow rate control 
valve 12 is decreased e.g. due to a decrease in the engine 
rotational speed, the discharge pressure Pd of refrigerant 
is decreased, so that the pressure-sensing piston 47 of 

15 the differential pressure regulating valve 14 is moved 
upward, as viewed in FIG. 3, which acts on the valve 
element 45 in the valve-closing direction. This decreases 
the flow rate of refrigerant introduced into the crank 
chamber 1, thereby decreasing the pressure Pc in the crank 

20 chamber 1, so that the variable displacement compressor is 
controlled to a maximum operation side to increase the 
flow rate of refrigerant discharged from the discharge 
chamber 10. This control operation is continued until the 
differential pressure across the electromagnetic 

25 proportional flow rate control valve 12 becomes equal to 
the differential pressure corresponding to the openness 
set by the solenoid section 22 , whereby the discharge flow 
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rate Qd of refrigerant: comes -to be held constant. 

As described above, the differential pressure 
regulating valve 14 senses the differential pressure 
across the electromagnetic proportional flow rate control 
5 valve 12 arranged in the discharge-side refrigerant 
passage 13, and controls the flow rate of refrigerant 
introduced from the discharge chamber 10 into the crank 
chamber 1, based on the sensed differential pressure, 
whereby the discharge flow rate Qd of refrigerant 

10 discharged from the variable displacement compressor is 
controlled to a fixed flow rate corresponding to a 
differential pressure generated by the electromagnetic 
proportional flow rate control valve 12 . 

FIG. 4 is a cross-sectional view showing the 

15 construction of a variable displacement compressor 
according to a second embodiment . FIG. 5 is a cross- 
sectional view showing in detail the construction of a 
differential pressure regulating valve of the variable 
displacement compressor according to the second embodiment . 

20 It should be noted that in FIGS. 4 and 5, component 
elements similar to or equivalent to those shown in FIG. 1 
and FIG. 3 are designated by identical reference numerals, 
and detailed description thereof is omitted. 

In the second embodiment, when compared with the 

25 variable displacement compressor according to the first 
embodiment, although an electromagnetic proportional flow 
rate control valve 12 is arranged at the same location and 
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has the same construction, the differential pressure 
regulating valve 14a is different in that discharge 
pressure Pd is introduced in the valve-opening direction 
thereof and the construction thereof is modified. 
5 As shown in FIG. 5, the differential pressure 

regulating valve 14a has a body 40 formed with a port 41 
for introducing therein discharge pressure Pd from a 
discharge chamber 10 , a port 42 for introducing pressure 
Pc controlled by the differential pressure regulating 

10 valve 14a into a crank chamber 1, and a port 43 for 
introducing therein pressure Pd' reduced by the 
electromagnetic proportional flow rate control valve 12 . 

A valve seat 44 is formed on a side toward the port 
41 for introducing the discharge pressure Pd, and a valve 

15 element 45a is arranged on the downstream side of the 
valve seat 44 in a manner opposed to the valve seat 44. 
Further, a spring 46 is arranged for urging the valve 
element 45a in the valve-opening direction. 

A pressure-sensing piston 47a is axially movably 

20 arranged on the same axis as that of the valve element 45a 
and has the same diameter as that of a valve hole. Further, 
the pressure-sensing piston 47a is rigidly fixed to the 
valve element 45a, and urged by a spring 50 in the 
direction of closing of the valve element 45a. 

25 Also in the variable displacement compressor 

constructed as above, similarly to the variable 
displacement compressor according to the first embodiment, 
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the differential pressure regulating valve 14a senses a 
differential pressure across the electromagnetic 
proportional flow rate control valve 12 , and controls the 
flow rate of refrigerant which is introduced from the 
5 discharge chamber 10 into the crank chamber 1, based on 
the sensed differential pressure, thereby controlling the 
discharge flow rate Qd of refrigerant discharged from the 
variable displacement compressor to a fixed flow rate 
corresponding to a differential pressure generated by the 

10 electromagnetic proportional flow rate control valve 12. 

FIG. 6 is a cross-sectional view showing the 
construction of a variable displacement compressor 
according to a third embodiment. FIG. 7 is a cross- 
sectional view showing in detail the construction of a 

15 differential pressure regulating valve of the variable 
displacement compressor according to the third embodiment. 
It should be noted that in FIGS. 6 and 7, component 
elements similar to or equivalent to those shown in FIG. 1 
and FIG. 3 are designated by identical reference numerals, 

20 and detailed description thereof is omitted. 

In the variable displacement compressor according to 
the third embodiment , an electromagnetic proportional flow 
rate control valve 12 is arranged at an intermediate 
portion of a refrigerant passage 11 communicating between 

2 5 an evaporator and a suction chamber 9; the differential 
pressure regulating valve 14b is arranged at an 
intermediate portion of a refrigerant passage 
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communicating between a discharge chamber 10 and a crank 
chamber 1, for controlling the discharge capacity; and a 
fixed orifice 15 is provided at an intermediate portion of 
a refrigerant passage between the crank chamber 1 and the 
5 suction chamber 9. Further, there are also formed passages 
for introducing respective pressures Pe, Ps on the 
upstream side and downstream side of the electromagnetic 
proportional flow rate control valve 12 into the 
differential pressure regulating valve 14b. 

10 The electromagnetic proportional flow rate control 

valve 12 has the same construction as that of the 
electromagnetic proportional flow rate control valves 12 
employed in the first and second embodiments . However, 
refrigerant flows in the valve-closing direction in the 

15 first and second embodiments , whereas the same flows in 
the valve-opening direction in the present embodiment. 

As shown in FIG. 7, the differential pressure 
regulating valve 14b has a body 40 formed with a port 41 
for introducing therein discharge pressure Pd from the 

20 discharge chamber 10, a port 42 for introducing pressure 
Pc controlled by the differential pressure regulating 
valve 14b into the crank chamber 1, a port 51 for 
introducing therein the pressure Pe from the evaporator, 
and a port 52 for introducing therein the suction pressure 

25 Ps drawn into the suction chamber 9 through the 
electromagnetic proportional flow rate control valves 12 . 

A passage communicating between the port 41 and the 

18 



port 42 is formed with a valve seat 44 , and on the 
upstream side of the valve seat 44 is arranged a valve 
element 45 in a manner opposed to the valve seat 44. The 
valve element 45 is formed with a flange, and a spring 46 
5 is arranged between the valve seat 44 and the flange, for 
urging the valve element 45 in the valve-opening direction. 

On the same axis as that of the valve element 45, 
there is arranged a pressure-sensing piston 47 which is 
axially movably disposed for receiving the pressure Pe 

10 from the port 51 and the suction pressure Ps from the port 
52 on respective both end surfaces thereof. The pressure- 
sensing piston 47 is urged by a spring 50 in the direction 
of closing of the valve element 45 . 

In the variable displacement compressor constructed 

15 as above, when a rotating shaft 2 is rotated by a driving 
force from the engine to rotate a wobble plate 4 fitted on 
the rotating shaft 2 , pistons 6 connected to the wobble 
plate 4 perform reciprocating motion, whereby refrigerant 
in the suction chamber 9 is drawn into cylinders 5 to be 

2 0 compressed therein, and the compressed refrigerant is 
delivered to the discharge chamber 10 . 

At this time, the electromagnetic proportional flow 
rate control valve 12 is supplied with a predetermined 
control current to narrow down a refrigerant passage 

2 5 communicating between the evaporator and the suction 
chamber 9, to thereby form an orifice of a predetermined 
size such that a predetermined differential pressure (Pe - 
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Ps) is generated by the flow rate Qs of refrigerant drawn 
into the suction chamber 9 . 

Further, the pressure-sensing piston 47 receives the 
predetermined differential pressure (Pe > Ps) , and the 
5 openness of the differential pressure regulating valve 14b 
is controlled to a position where a force directed 
downward, as viewed in the figure, caused by the 
predetermined differential pressure, and the loads of the 
springs 46, 50 are balanced. Thus, the differential 

10 pressure regulating valve 14b senses the differential 
pressure across the electromagnetic proportional flow rate 
control valve 12, in which the orifice is determined by a 
control current, and adjusts the openness thereof such 
that the differential pressure becomes equal to a 

15 predetermined value set in advance, thereby controlling 
the flow rate of refrigerant introduced into the crank 
chamber 1. As a result, the flow rate Qs of the 
refrigerant drawn into the suction chamber 9 is controlled 
to be constant, whereby the flow rate Qd of refrigerant 

20 discharged from the discharge chamber 10 is controlled to 
be constant. 

Now, when discharge capacity of the variable 
displacement compressor is increasingly changed e.g. due 
to an increase in the engine rotational speed to thereby 
25 increase the differential pressure across the 
electromagnetic proportional flow rate control valve 12 , 
the suction pressure Ps of refrigerant is reduced, and 
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hence the pressure-sensing piston 47 of the differential 
pressure regulating valve 14b is moved downward, as viewed 
in FIG. 7, which acts on the valve element 45 in the 
valve-opening direction. This increases the flow rate of 
5 refrigerant introduced from the discharge chamber 10 into 
the crank chamber 1, thereby increasing the pressure Pc in 
the crank chamber 1 , so that the variable displacement 
compressor is controlled to a minimum operation side to 
decrease the flow rate of refrigerant drawn into the 

10 suction chamber. This control operation is continued until 
the differential pressure across the electromagnetic 
proportional flow rate control valve 12 becomes equal to a 
differential pressure corresponding to the openness set by 
a solenoid section 22. As a result, since the suction flow 

15 rate Qs of refrigerant is held constant, the discharge 
flow rate Qd of refrigerant is also held constant. 

Inversely, when the discharge capacity of the 
variable displacement compressor is decreasingly changed 
e.g. due to a decrease in the engine rotational speed to 

20 thereby reduce the differential pressure across the 
electromagnetic proportional flow rate control valve 12 , 
the suction pressure Ps of refrigerant is increased, and 
hence the pressure-sensing piston 47 of the differential 
pressure regulating valve 14b is moved upward, as viewed 

25 in FIG. 7, which acts on the valve element 45 in the 
valve-closing direction. This decreases the flow rate of 
refrigerant introduced into the crank chamber 1, thereby 
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decreasing the pressure Pc in the crank chamber 1 , so that 
the variable displacement compressor is controlled to a 
maximum operation side to increase the flow rate of 
refrigerant drawn into the suction chamber . This control 
5 operation is continued until the differential pressure 
across the electromagnetic proportional flow rate control 
valve 12 becomes equal to the differential pressure 
corresponding to the openness set by the solenoid section 
22. As a result, since the suction flow rate Qs of 

10 refrigerant is held constant, the discharge flow rate Qd 
of refrigerant is also held constant. 

As described above, the differential pressure 
regulating valve 14b senses the differential pressure 
across the electromagnetic proportional flow rate control 

15 valve 12 arranged in the suction-side refrigerant passage 
11, and controls the flow rate of refrigerant introduced 
from the discharge chamber 10 into the crank chamber 1, 
based on the sensed differential pressure, whereby the 
suction flow rate Qs of refrigerant drawn into the 

20 variable displacement compressor is controlled to a fixed 
flow rate corresponding to the differential pressure 
generated by the electromagnetic proportional flow rate 
control valve 12. Thus, a constant flow rate compressor is 
constructed which controls the discharge flow rate Qd to 

2 5 be constant irrespective of changes in the engine 
rotational speed . 

FIG. 8 is a cross-sectional view showing the 
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construction of a variable displacement compressor 
according to a fourth embodiment. It should be noted that 
in FIG. 8, component elements similar to or equivalent to 
those of the variable displacement compressor shown in FIG. 
5 6 are designated by identical reference numerals, and 
detailed description thereof is omitted. 

When compared with the variable displacement 
compressor according to the third embodiment , the variable 
displacement compressor according to the fourth embodiment 

10 is configured such that the port for introducing the 
discharge pressure Pd into the differential pressure 
regulating valve 14b and the port leading from the 
differential pressure regulating valve 14b to the crank 
chamber 1 are arranged in a reversed fashion. More 

15 specifically, a discharge chamber 10 is communicated with 
a port 42 formed in an end of a differential pressure 
regulating valve 14b, while a crank chamber 1 is 
communicated with a port 41 formed in a side of the 
differential pressure regulating valve 14b. As to the 

20 remainder, this variable displacement compressor has the 
same construction as that of the variable displacement 
compressor according to the third embodiment. 

Further, operation carried out by the variable 
displacement compressor constructed as above is similar to 

25 that of the variable displacement compressor according to 
the third embodiment. More specifically, the differential 
pressure regulating valve 14b senses the differential 
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pressure across a electromagnetic proportional flow rate 
control valve 12 arranged in a suction-side refrigerant 
passage 11, and controls the flow rate of refrigerant 
introduced from the discharge chamber 10 into the crank 
5 chamber 1, based on the sensed differential pressure, 
whereby the suction flow rate Qs of refrigerant drawn into 
the variable displacement compressor is controlled to a 
fixed flow rate corresponding to a differential pressure 
generated by the electromagnetic proportional flow rate 

10 control valve 12. Thus, a constant flow rate compressor is 
constructed which holds the discharge flow rate Qd to be 
constant even if the engine rotational speed and external 
loads are changed . 

Although the above embodiments are configured such 

15 that the differential pressure regulating valve is 
arranged in the refrigerant passage communicating between 
the discharge chamber and the crank chamber 1, and the 
fixed orifice is provided in the refrigerant passage 
communicating between the crank chamber and the suction 

20 chamber , this is not limitative, but it is possible to 
arrange the differential pressure regulating valve and the 
fixed orifice at desired locations in the refrigerant 
passage communicating between the discharge chamber and 
the suction chamber through the crank chamber . Further, it 

25 is also possible to insert the differential pressure 
regulating valve and the fixed orifice in a manner 
reversed in location. 
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Further, although in the above descriptions, it is 
assumed by way of example that each of the variable 
displacement compressors of the above embodiments is 
connected to the output shaft of the engine via a clutch, 
5 a belt, and a pulley, this not limitative, but they can be 
applied to an air conditioning system for a so-called 
clutchless automotive vehicle which is configured such 
that an output shaft of an engine is directly coupled to a 
rotating shaft without interposing a clutch therebetween, 

10 since the electromagnetic proportional flow rate control 
valve forming the variable orifice can be switched to 
minimum operation in which the flow rate of refrigerant is 
reduced to approximately zero by setting a current value 
which can be externally set for the solenoid, to zero. 

15 As described hereinabove, the present invention is 

configured such that the electromagnetic proportional flow 
rate control valve for generating a desired differential 
pressure is arranged at a location in the suction-side or 
discharge-side refrigerant passage; the fixed orifice and 

20 the differential pressure regulating valve are arranged at 
desired locations in the refrigerant passage extending 
from the discharge chamber to the crank chamber and 
further from the crank chamber to the suction chamber; the 
differential pressure regulating valve senses the 

25 differential pressure generated across the electromagnetic 
proportional flow rate control valve and adjusts an 
openness thereof such that a constant differential 
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pressure is genera-ted at an openness determined by the 
electromagnetic proportional flow rate control valve, in 
short, such that the discharge flow rate becomes constant; 
and the setting of the discharge flow rate dependent on 
5 changes in external conditions is controlled based on a 
value of electric current supplied to the electromagnetic 
proportional flow rate control valve. Since the present 
invention is configured such that a small differential 
pressure is generated in the refrigerant passage by the 

10 electromagnetic proportional flow rate control valve, it 
is possible to reduce the solenoid force for changing the 
openness, which is a set value of the discharge flow rate, 
in response to changes in external conditions, whereby the 
electromagnetic proportional flow rate control valve can 

15 be made compact in size. 

Since the variable displacement compressor is 
constructed as a constant flow rate compressor, it is 
possible to always supply refrigerant at a fixed flow rate 
without being adversely affected by changes in the engine 

20 rotational speed, external load conditions, etc., which 
makes it possible to stabilize operation of the whole 
system. 

Further, if a value of electric current to be 
supplied to the electromagnetic proportional flow rate 
25 control valve, which can be externally set, is set to zero, 
the variable displacement compressor can be set to the 
minimum capacity, and hence a clutchless compressor can be 
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constructed. This makes it possible to construct a more 
inexpensive automotive air conditioning system. 

The foregoing is considered as illustrative only of 
the principles of the present invention. Further, since 
5 numerous modifications and changes will readily occur to 
those skilled in the art, it is not desired to limit the 
invention to the exact construction and applications shown 
and described, and accordingly, all suitable modifications 
and equivalents may be regarded as falling within the 
10 scope of the invention in the appended claims and their 
equivalents . 
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